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| The UE transmits a first signal to a network node for requesting SPS resources |

tor transmitting the first V2X message and following first V22X messages which }

| are generated subseguent to the first V2X message, wherein the first signal |
includes an identity used to associate the SPS resources with the first V2X

The UL receives a second signal from the network node, wherein the second
signal contains a first information indicating the SPS resources and the
identity

The UE transmits the first V2X message and the following first V2X messages
according 1o the 5PS resources indicated by the first information '
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[ FROM STEP 1420
\ in FIG. 144

1432& ‘

The UE generates a second V2X message which causes a change to current $PS
resources -

The UE receives a fourth signal from the network node, wharein the fourth
signal contains a second information indicating updated SPS resources and the
identity '

The UE transmits the second V2X message and following second V2X messages
which are generated subsequent to the second V2X message according to the
updated SPS resources indicated by the second information
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13063

700

The network node receives a first signal from a UE for requesting SP5
resgurces for transmitting first V2X messages generated by the UE

The network node transmits a second signal to the UE, wherein the second
signal contains first information indicating the SPS resources and an identity
used to associate the SPS resources with the first V2X messages

The network node receives a third signal from the UE for modifying current
SPS resources, wherein the third signal contains at least the identity

The network node transmits a fourth signal to the UL, wherein the fourth
sighal contains second information indicating updated SPS resources and the
identity
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Content of UE Assistance info

Destination indexd: SPS interval 1, offset 1
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The UE generates a first V2X message associated with a first destination
identity

The UE transmits a first signal to a network node, wherein the first signal
contains the first destination identity associated with a first destination index

The UE transmitting a second signal to the network node for requesting a $PS
resources for fransmitting the first V22X message and subsegquent VX
messages generated after the first VZX message, wherein the second signatl
containg a first 3PS interval and the first destination index

FIG. 22
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The UE generates g first V2X message associated with a first destination
identity and a second V2X message associated with a second destination
identity, wherein the first VZX message and the second V2X message belong
t0 3 same message type {e.g., CAM or DENM]}
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The UE transmits a first signal to a network node, wherein the first signal
contains the first destination identily associated with a first destination index
and the second destination identily associated with a second destination

irgex

E 2312

to request SPS resources for transmitting each V2X message and subseguent
V2X messages senerated after each V2X message, wherein the second signal
contains a SPS interval and a destination index associated with each V2X
message

FIG. 23
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The UE generales a first V2X message associated with a destination identity
and a first LCG

The UE transmits a first signal to a network node, wherein the first signal
contains the destination identity associated with a destination index

messages generated after the first V2X message, wherein the second signal
contains a first 3P5 interval, the destination index, and the first LCG
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METHOD AND APPARATUS FOR
REQUESTING AND MODIFYING
RESOURCE CONFIGURATION IN A
WIRELESS COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present Application claims the benefit of U.S. Pro-

visional Patent Application Ser. No. 62/373,596 filed on
Aug. 11, 2016 and U.S. Provisional Patent Application Ser.

No. 62/402,342 filed on Sep. 30, 2016, the entire disclosures
of which are incorporated herein 1n 1ts entirety by reference.

FIELD

This disclosure generally relates to wireless communica-
tion networks, and more particularly, to a method and
apparatus for requesting and modifying resource configura-
tion 1 a wireless communication system.

BACKGROUND

With the rapid rise in demand for communication of large
amounts of data to and from mobile communication devices,
traditional mobile voice communication networks are evolv-
ing into networks that communicate with Internet Protocol
(IP) data packets. Such IP data packet communication can
provide users of mobile communication devices with voice
over 1P, multimedia, multicast and on-demand communica-

tion services.

An exemplary network structure 1s an Evolved Universal
Terrestrial Radio Access Network (E-UTRAN). The
E-UTRAN system can provide high data throughput 1n order
to realize the above-noted voice over IP and multimedia
services. A new radio technology for the next generation
(e.g., 5G) 1s currently being discussed by the 3GPP standards
organization. Accordingly, changes to the current body of

3GPP standard are currently being submitted and considered
to evolve and finalize the 3GPP standard.

SUMMARY

A method and apparatus are disclosed from the perspec-
tive ol a UE (User Equipment) for requesting semi-persis-
tent scheduling (SPS) resources for V2X (Vehicle-to-Every-
thing) message transmissions 1n a wireless communication
system. The method includes generating a first V2X mes-
sage for transmission. In addition, the method includes
transmitting a first signal to a network node for requesting,
SPS resources for transmitting the first V2X message and
following first V2X messages which are generated subse-
quent to the first V2X message, wherein the first signal
includes an 1dentity used to associate the SPS resources with
the first V2X message and the following first V2X messages.
Furthermore, the method includes receiving a second signal
from the network node, wherein the second signal contains
a first information indicating the SPS resources and the
identity. The method also includes transmitting the first V2X
message and the following first V2X messages according to
the SPS resources indicated by the first information.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a diagram of a wireless communication
system according to one exemplary embodiment.
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FIG. 2 1s a block diagram of a transmitter system (also
known as access network) and a receiver system (also

known as user equipment or UE) according to one exem-
plary embodiment.

FIG. 3 1s a functional block diagram of a communication
system according to one exemplary embodiment.

FIG. 4 1s a functional block diagram of the program code
of FIG. 3 according to one exemplary embodiment.

FIG. 5 1s a reproduction of FIG. 4.1.1-1 of 3GPP TS
22.185 v14.0.0.

FIG. 6 1s a reproduction of FIG. 4.1.2-1 of 3GPP TS
22.185 v14.0.0.

FIG. 7 1s a reproduction FIG. 6.2.1.1-1 of 3GPP TR
23.785 v1.0.0.

FIG. 8 1s a reproduction of FIG. 6.2.1.3-1 of 3GPP TR
23.785 v1.0.0.

FIG. 9 1s a reproduction of FIG. 6.3.1.1-1 of 3GPP TR
23.785 v1.0.0.

FIG. 10 1s a reproduction of Table 6.7.1-1 of 3GPP TR
23.785 v1.0.0.

FIG. 11 1s a reproduction of FIG. 2 of 3GPP S2-162038.

FIG. 12 1s an illustration according to one exemplary
embodiment.

FIG. 13 1s a message chart according to one exemplary
embodiment.

FIGS. 14A and 14B are flow charts according to one
exemplary embodiment from the perspective of a UE.

FIG. 15 1s a flow chart according to one exemplary
embodiment from the perspective of a network node.

FIG. 16 1s an 1illustration according to one exemplary
embodiment.
FIG. 17 1s
embodiment.
FIG. 18 1s
embodiment.
FIG. 19 1s
embodiment.
FIG. 20 1s
embodiment.
FIG. 21 1s
embodiment.
FIG. 22 1s a flow chart according to one
embodiment from the perspective of a UE.
FIG. 23 1s a flow chart according to one
embodiment from the perspective of a UE.
FIG. 24 1s a flow chart according to one
embodiment from the perspective of a UE.

an 1llustration according to one exemplary

an 1llustration according to one exemplary

an 1llustration according to one exemplary

an 1llustration according to one exemplary

an 1llustration according to one exemplary
exemplary
exemplary

exemplary

DETAILED DESCRIPTION

The exemplary wireless communication systems and
devices described below employ a wireless communication
system, supporting a broadcast service. Wireless communi-
cation systems are widely deployed to provide various types
of communication such as voice, data, and so on. These
systems may be based on code division multiple access
(CDMA), time division multiple access (TDMA), orthogo-
nal frequency division multiple access (OFDMA), 3GPP
LTE (Long Term Evolution) wireless access, 3GPP LTE-A
or LTE-Advanced (Long Term Evolution Advanced),
3GPP2 UMB (Ultra Mobile Broadband), WiMax, or some
other modulation techmques.

In particular, the exemplary wireless communication sys-
tems devices described below may be designed to support

one or more standards, including: ETSI TR 102.638 v1.1.1,
entitled “ITS; Vehicular Communications; Basic Set of

Applications; Definitions™; ETSI EN 302 637-2, entitled
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“ITS; Vehicular Communications; Basic Set ol Applica-
tions; Part 2: Specification of Cooperative Awareness Basic
Service”; EISI EN 102 637-3 v1.1.1, entitled “ITS; Vehicu-
lar Communications; Part 3: Specifications of Decentralized
Environmental Notification Basic Service”; and FETSI EN
302 637-3, entitled “ITS; Vehicular Communications; Part
3: Specifications of Decentralized Environmental Notifica-
tion Basic Service”. In addition, the exemplary wireless
communication systems devices described below may be
designed to support one or more standards such as the
standard offered by a consortium named “3rd Generation
Partnership Project” referred to herein as 3GPP, including:
TS 22.185 v14.0.0, entitled “Service requirements for V2X
services; Stage 1 (Release 14)7; S2-162038, entitled “Open
1ssues and resolutions for PCS based V2X™, Qualcomm and
L.G Electronics; TR 36.885, entitled “Study on LTE-based
V2X Services; (Release 14); TR 23.785 v1.0.0, entitled
“Study on architecture enhancements for LTE support of
V2X services (Release 14)7; TS 36.300 v13.3.0, entitled
“B-UTRA and E-UTRAN; Overall description; Stage 2
(Release 13)7; TS 36.331 v13.1.0, entitled “E-UTRA; RRC;
Protocol Specification (Release 13)”; TS 36.321 v 13.1.0,
entitled “E-UTRA; MAC protocol specification (Release
13)”; RP-160649, entitled “Support for V2V services based
on LTE sidelink”, LG Electronics, Huawei, HiSilicon,
CATT, and CATR:; TS 23.303 v13.4.0, entitled “ProSe;
Stage 2 (Release 13); 3GPP email discussion of [94#31]
|[LTE V2V] Layer 2 Open Issues for V2V; 3GPP RAN2#94
Chairman Notes; 3GPP RAN1#84b1s Chairman’s Notes; TS
23.285 v14.0.0, entitled “Architecture enhancements {for
V2X services (Release 14)7; and 3GPP RAN2#95 Chair-
man’s Notes. The standards and documents listed above are
hereby expressly incorporated by reference in their entirety.

FIG. 1 shows a multiple access wireless communication
system according to one embodiment of the invention. An
access network 100 (AN) includes multiple antenna groups,
one 1mncluding 104 and 106, another including 108 and 110,
and an additional including 112 and 114. In FIG. 1, only two
antennas are shown for each antenna group, however, more
or fewer antennas may be utilized for each antenna group.
Access terminal 116 (AT) 1s in commumnication with anten-
nas 112 and 114, where antennas 112 and 114 transmait
information to access terminal 116 over forward link 120
and receive information from access terminal 116 over
reverse link 118. Access terminal (AT) 122 1s in communi-
cation with antennas 106 and 108, where antennas 106 and
108 transmit information to access terminal (AT) 122 over

forward link 126 and receive information from access ter-
minal (AT) 122 over reverse link 124. In a FDD system,

communication links 118, 120, 124 and 126 may use dii-
ferent frequency for communication. For example, forward
link 120 may use a different frequency then that used by
reverse link 118.

Each group of antennas and/or the area in which they are
designed to communicate 1s often referred to as a sector of
the access network. In the embodiment, antenna groups each
are designed to communicate to access terminals 1n a sector
of the areas covered by access network 100.

In communication over forward links 120 and 126, the
transmitting antennas of access network 100 may utilize
beamforming in order to improve the signal-to-noise ratio of
torward links for the different access terminals 116 and 122.
Also, an access network using beamiforming to transmit to
access terminals scattered randomly through its coverage
causes less interference to access terminals in neighboring
cells than an access network transmitting through a single
antenna to all 1ts access terminals.
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An access network (AN) may be a fixed station or base
station used for communicating with the terminals and may
also be referred to as an access point, a Node B, a base
station, an enhanced base station, an evolved Node B (eNB),
or some other terminology. An access terminal (AT) may
also be called user equipment (UE), a wireless communi-
cation device, terminal, access terminal or some other ter-
minology.

FIG. 2 1s a sitmplified block diagram of an embodiment of
a transmitter system 210 (also known as the access network)
and a recerver system 250 (also known as access terminal

(AT) or user equipment (UE)) 1n a MIMO system 200. At the
transmitter system 210, traflic data for a number of data

streams 1s provided from a data source 212 to a transmit
(TX) data processor 214.

In one embodiment, each data stream 1s transmitted over
a respective transmit antenna. TX data processor 214 for-
mats, codes, and interleaves the traflic data for each data

stream based on a particular coding scheme selected for that
data stream to provide coded data.

The coded data for each data stream may be multiplexed
with pilot data using OFDM techniques. The pilot data 1s
typically a known data pattern that 1s processed 1n a known
manner and may be used at the receiver system to estimate
the channel response. The multiplexed pilot and coded data
for each data stream 1s then modulated (i.e., symbol mapped)
based on a particular modulation scheme (e.g., BPSK,
QPSK, M-PSK, or M-QAM) selected for that data stream to
provide modulation symbols. The data rate, coding, and
modulation for each data stream may be determined by
instructions performed by processor 230.

The modulation symbols for all data streams are then
provided to a TX MIMO processor 220, which may further
process the modulation symbols (e.g., for OFDM). TX
MIMO processor 220 then provides N~ modulation symbol
streams to N transmitters (TMTR) 222q through 222¢. In
certain embodlments TX MIMO processor 220 applies
beamiorming weights to the symbols of the data streams and
to the antenna from which the symbol 1s being transmitted.

Each transmitter 222 receives and processes a respective
symbol stream to provide one or more analog signals, and
further conditions (e.g., amplifies, filters, and upconverts)
the analog signals to provide a modulated signal suitable for
transmission over the MIMO channel. N~ modulated signals
from transmitters 222a through 222¢ are then transmitted
from N antennas 224a through 224z, respectively.

At recerver system 230, the transmitted modulated signals
are recetved by N, antennas 252a through 2527 and the
received signal from each antenna 252 1s provided to a
respective receiver (RCVR) 254a through 254r. Each
receiver 254 conditions (e.g., filters, amplifies, and down-
converts) a respective received signal, digitizes the condi-
tioned signal to provide samples, and further processes the
samples to provide a corresponding “received” symbol
stream.

An RX data processor 260 then receives and processes the
N, received symbol streams from N, receivers 254 based on
a particular receiver processing techmique to provide N,
“detected” symbol streams. The RX data processor 260 then
demodulates, deinterleaves, and decodes each detected sym-
bol stream to recover the traflic data for the data stream. The
processing by RX data processor 260 1s complementary to
that performed by TX MIMO processor 220 and TX data
processor 214 at transmitter system 210.

A processor 270 periodically determines which pre-cod-
ing matrix to use (discussed below). Processor 270 formu-
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lates a reverse link message comprising a matrix index
portion and a rank value portion.

The reverse link message may comprise various types of
information regarding the communication link and/or the

received data stream. The reverse link message 1s then

processed by a TX data processor 238, which also receives
traflic data for a number of data streams from a data source
236, modulated by a modulator 280, conditioned by trans-
mitters 254a through 2354, and transmitted back to trans-
mitter system 210.

At transmitter system 210, the modulated signals from
receiver system 250 are recerved by antennas 224, condi-
tioned by recervers 222, demodulated by a demodulator 240,
and processed by a RX data processor 242 to extract the
reserve link message transmitted by the receiver system 250.
Processor 230 then determines which pre-coding matrix to
use for determining the beamforming weights then processes
the extracted message.

Turning to FIG. 3, this figure shows an alternative sim-
plified functional block diagram of a communication device
according to one embodiment of the invention. As shown 1n
FI1G. 3, the communication device 300 1n a wireless com-
munication system can be utilized for realizing the UEs (or
ATs) 116 and 122 1n FIG. 1 or the base station (or AN) 100
in FIG. 1, and the wireless communications system 1s
preferably the LTE system. The communication device 300
may include an 1mput device 302, an output device 304, a
control circuit 306, a central processing unit (CPU) 308, a
memory 310, a program code 312, and a transceiver 314.
The control circuit 306 executes the program code 312 1n the
memory 310 through the CPU 308, thereby controlling an
operation ol the communications device 300. The commu-
nications device 300 can receirve signals input by a user
through the mput device 302, such as a keyboard or keypad,
and can output 1images and sounds through the output device
304, such as a monitor or speakers. The transceiver 314 is
used to receive and transmit wireless signals, delivering
received signals to the control circuit 306, and outputting,
signals generated by the control circuit 306 wirelessly. The
communication device 300 1 a wireless communication
system can also be utilized for realizing the AN 100 1n FIG.
1.

FIG. 4 1s a ssmplified block diagram of the program code
312 shown 1n FIG. 3 1 accordance with one embodiment of
the mvention. In this embodiment, the program code 312
includes an application layer 400, a Layer 3 portion 402, and
a Layer 2 portion 404, and 1s coupled to a Layer 1 portion
406. The Layer 3 portion 402 generally performs radio
resource control. The Layer 2 portion 404 generally per-
forms link control. The Layer 1 portion 406 generally
performs physical connections.

As discussed 1 3GPP TS 22.185 and TR 36.885 and as
illustrated 1n FIG. 5§ (which 1s a reproduction of FIG. 4.1.1-1
of 3GPP TS 22.185 v14.0.0), the V2X (Vehicle-to-Every-
thing) services include the following four different types:

Vehicle-to-Vehicle (V2V)
Vehicle-to-Infrastructure (V2I)
Vehicle-to-Network (V2N)
Vehicle-to-Pedestrian (V2P)

These four types of V2X applications can use “co-opera-
tive awareness” to provide more intelligent services for
end-users. This means that entities, such as vehicles, road-
side infrastructure, application server and pedestrians, can
collect knowledge of their local environment (e.g., informa-
tion received from other vehicles or sensor equipment in
proximity) to process and share that knowledge in order to
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provide more intelligent services, such as cooperative col-
lision warning or autonomous driving.

These intelligent transportation services and the associ-
ated message sets have been defined 1n automotive SDOs
outside 3GPP. Three basic classes of applications for pro-
viding ITS services: road safety, traflic ethiciency, and other
applications can be found 1n, for example, ETSI'TR 102.638.
3GPP only handles the transport of these messages to
support different types of V2X applications. In general the
message transport expectations are described in require-
ments discussed 1n this specification.

Vehicle-to-Vehicle (V2V) application—V2V applications
expect UEs that are 1n proximity of each other to exchange
V2V application information. 3GPP transport of messages
containing V2V application information requires the UE to
have a valid subscription and authorization from a network
operator. Transport for a wvalid subscriber 1s provided
whether the UE 1s served or not served by E-UTRAN.

The UE supporting V2V applications transmits messages
containing V2V application information (e.g., location,
dynamics, and attributes). The message payloads may be
flexible 1n order to accommodate varying amount of infor-
mation.

3GPP transport of message containing V2V application

information 1s predominantly broadcast-based as 1llustrated
in FIG. 6 (which 1s a reproduction of FIG. 4.1.2-1, entitled
“Broadcast-based V2V communications”, of 3GPP TS
22.185 v14.0.0). Such 3GPP transport includes the transport
between UEs directly and/or, due to the limited direct
communication range, the transport between UEs via infra-
structure supporting V2X communication, €.g., RSU (Road
Side Unait), application server, efc.

Vehicle-to-Infrastructure (V21I) application—The UE sup-
porting V21 applications transmits messages containing V21
application information to an RSU. An RSU transmits
messages containing V21 application information to one or
more UEs supporting V21 applications.

Vehicle-to-Network (V2N) application—The UE sup-
porting V2N applications communicates with an application
server supporting V2N applications. Both parties commu-
nicate with each other via EPS. The application server and
its location are out of 3GPP scope.

Vehicle-to-Pedestrian (V2P) Application—V2P applica-
tions expect UEs that are in proximity of each other to
exchange V2P application information. 3GPP transport of
messages containing V2P application information requires
the UE to have a valid subscription and authorization from
a network operator. Transport for a valid subscriber is
provided whether the UE 1s served or not served by
E-UTRAN.

The UE supporting V2P applications transmits messages
containing V2P application information. It 1s expected that
V2P application information can be transmitted either by a
UE supporting V2X application i a vehicle (e.g., warning
to pedestrian), or by a UE supporting V2X application
associated with a vulnerable road user (e.g., warning to
vehicle).

3GPP transport of messages containing V2P application
information includes the transport between UEs directly
and/or, due to the limited direct communication range, the
transport between UEs via infrastructure supporting V2X
communication, ¢.g., RSU, application server, efc.

Note: The main difference between 3GPP transport of
messages with V2P and V2V application information 1s due
to the properties of the UE. A UE supporting V2P applica-
tions used by pedestrian might, for example, have lower

battery capacity, the radio sensitivity might be limited (e.g.,
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due to antenna design), and therefore 1t may not be able to
send messages with the same periodicity as UEs supporting
V2V application, and/or receive messages.

CAM (Co-operative Awareness Message)—ETSI EN
302.637-2 provides the following general description:
Introduction

Cooperative awareness within road traflic means that road
users and roadside infrastructure are mmformed about each
other’s position, dynamics and attributes. Road users are all
kind of road vehicles like cars, trucks, motorcycles, bicycles
or even pedestrians and roadside infrastructure equipment
including road signs, trailic lights or barriers and gates. The
awareness of each other 1s the basis for several road safety
and traflic efliciency applications with many use cases as

described in ETSI TR 102 638 [1.1]. It 1s achieved by regular

exchange of information among vehicles (V2V, 1n general
all kind of road users) and between vehicles and road side
infrastructure (V2I and 12V) based on wireless networks,
called V2X network and as such i1s part of Intelligent
Transport Systems (ITS).

The information to be exchanged for cooperative aware-
ness 1s packed up in the periodically transmitted Cooperative
Awareness Message (CAM). The construction, management
and processing of CAMs 1s done by the Cooperative Aware-
ness basic service (CA basic service), which 1s part of the
facilities layer within the ITS communication architecture
ETSI EN 302 665 [1] supporting several I'TS applications.

The CA basic service 1s a mandatory facility for all kind
of ITS-Stations (I'TS-S), which take part 1n the road traflic
(vehicle ITS-S, personal ITS-S, etc.). The present document
focuses on the specifications for CAMs transmitted by all
vehicle ITS-Ss participating in the V2X network. Neverthe-
less, the present document defines the CAM format with
flexibility 1n order to be easily extendable for the support of
other types of I'TS-Ss or future I'TS applications.

The requirements on the performance of the CA basic
service, the content of the CAM and the quality of 1ts data
clements are derived from the Basic Set of Applications
(BSA) as defined in ETSI TR 102 638 [1.1] and 1n particular
from the road safety applications as defined 1n ETSI TS 101
539-1 [1.8], ETSI TS 101 539-2 [1.9], and ETSI TS 101
539-3 [1.10].

In general, CAM 1s to be received/utilized by at least a
vehicle (V2V), RSU (V2I) or a pedestrian (V2P) that are
capable of the I'TS-S application.

CAM Generation Rules & Traflic Pattern—CAMSs are
generated based on the general protocol operation and
passed to lower layers for transmission (as discussed in
ETSI EN 302637-2).

General Protocol Operation:

I'TS-S may execute the following operations:

1) set T_CheckCamGen and start the timer;

2) when the timer T_CheckGenCam expires, check the

CAM generation conditions:
a) 1f any of the condition 1s satisfied, continues the
operation;
b) 1f none of the condition 1s satisfied, skip step 3) to
step 7);
3) collect data for mandatory containers;
4) check if optional containers are to be added for CAM

generation:
a) 1I yes, check the ITS-S type and ITS-S role and

collect data for optional containers;

b) if no, continue the operation;
5) encode CAM;

6) pass CAM to the ITS networking & transport layer;
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7) save data required as specified 1n clause C.2.3 for next
CAM generation;

8) restart the timer T_CheckCamGen.

CAM Generation Conditions:

1) The time elapsed since the last CAM generation 1s
equal to or greater than T_GenCam_Dcc and one of the
following I'TS-S dynamics related conditions 1s given:
1-1. the absolute diflerence between the current head-

ing of the originating I'TS-S and the heading included
in the CAM previously transmitted by the originat-
ing I'TS-S exceeds 4°;

1-2. the distance between the current position of the
originating I'TS-S and the position included in the
CAM previously transmitted by the originatin
ITS-S exceeds 4 m (60 km/h—=240 ms, 120
km/h—=120 ms);

1-3. the absolute difference between the current speed
of the oniginating ITS-S and the speed included 1n
the CAM previously transmitted by the originating
I'TS-S exceeds 0.5 m/s(=~1.8 km/h).

2) The time elapsed since the last CAM generation 1s
equal to or greater than T_GenCam and equal to or
greater than T_GenCam_ Dcc.

DENM (Decentralized Environmental Notification Mes-

sage)—ETSI EN 302.637-3 provides the following general

description:

Introduction
I'TS use cases are distributed over multiple instances of

I'TS stations (ITS-S). I'TS-Ss interact 1n the I'TS networks to

provide a large diversity of co-operating customer services

that satisly different types of functional and operational
requirements.

ETSI TC ITS has defined a “Basic Set of Applications”
(BSA)1in ETSI TR 102 638 [1.1] that can be deployed within
a three-year time frame after the completion of their stan-
dardization. In BSA, the Road Hazard Warning (RHW)
application 1s composed of multiple use cases with the
objective to improve road safety and traflic efliciency using
vehicle-to-vehicle and vehicle-to-infrastructure communica-
tion technologies. ETSI TC ITS defines the decentralized
environmental notification (DEN) basic service that sup-
ports the RHW application.

The DEN basic service 1s an application support facility
provided by the facilities layer. It constructs, manages and
processes the Decentralized Environmental Notification
Message (DENM). The construction of a DENM 1s triggered
by an ITS-S application. A DENM contains information
related to a road hazard or an abnormal traflic conditions,
such as 1ts type and 1ts position. The DEN basic service
delivers the DENM as payload to the ITS networking &
transport layer for the message dissemination. Typically for
an I'TS application, a DENM 1s disseminated to ITS-Ss that
are located 1in a geographic area through direct vehicle-to-
vehicle or vehicle-to-infrastructure communications. At the
receiving side, the DEN basic service of an receiving ITS-S
processes the received DENM and provides the DENM
content to an ITS-S application. This I'TS-S application may
present the information to the driver i1f information of the
road hazard or tratlic condition 1s assessed to be relevant to
the driver. The driver 1s then able to take appropriate actions
to react to the situation accordingly.

In general, DENM 1s transmitted through V2V or V2I
communication.

Life Cycle of a DENM (as Discussed i ETSI EN 302
637-3)

Road Hazard Event Detection

A concerned road hazard event 1s detected by the origi-
nator I'TS station.
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Generation of DENM

When the onginator I'TS station detects a concerned
event, the DEN management constructs a DENM.

Repetition of DENM transmission

The DENM transmission frequency of a DENM 1s deliv-
ered by the upper layer (ITS-S application) to the lower
layer (ITS Facilities layer) to indicate the time interval
between two consecutive DENM transmissions (1.¢€. the
transmission irequency).

In between two consequent DENM updates, a DENM
may be repeated by the DEN basic service of the
originating I'TS-S at a pre-defined repetition interval, 1n
order that new ITS-Ss entering the destination area
during the event validity duration may also receive the
DENM. This process 1s referred to as DENM repeti-
tion.

The DENM repetition shall be activated under the request
from the I'TS-S application. If I'TS-S application at the
originating I'TS-S requires the repetition of DENM, 1t
shall provide following data in the application request
as specified 1 clause 5.4.1 of [8]:
repetitionlnterval.
repetitionDuration.

If any of the above data are not provided by the ITS-S
application, the DEN basic service shall not execute the
DENM repetition. At the reception of the application
request, the DENM repetition scheduling shall start
from the referenceTime, corresponding to the time at
which DENM 1s generated.

For one particular actionlD, DENM repetition should
apply to the most updated DENM.

Evolution of DENM

When the originator I'TS station detects the event evolu-
tion, the DEN management constructs new DENM
including the updated information. A data version num-
ber 1s assigned to DENM to indicate the event evolu-
tion.

Termination of the DENM event

The termination of the event can be indicated 1n two ways:
A cancellation DENM 1s sent by the originator I'TS

station when the event termination 1s detected. The
cancellation message 1s regarded as a DENM with a
special data version.

A negation DENM 1is sent by one or several third party
I'TS stations that have receirved DENM earlier. When
such third party ITS stations detect that the event
does not exist anymore, 1t generates a DENM to
negate the event. A negation flag 1s included 1n the
DENM. The third party ITS stations that mitiate the
event negation shall be an authorized ITS station.

Once a cancellation or negation DENM 1s transmitted by
an ITS station, 1t shall be repeated for a certain duration
defined by the RHW application.

General Protocol Operation:

Upon reception of a request from I'TS-S application via the
interface IF.DEN.1, the DEN basic service shall execute the
tollowing operations:

For application request type appDENM_trigger,

1) Calculate expiration time for timer T_O_Validity (clause

8.2.1.5 of [8]):

a. If expiration time of timer T_O_Validity 1s 1n the past,
send a failure notification to the I'TS-S application and
omit the execution of further steps.

b. Otherwise, continue the operation.
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2) Assign unused actionlD value (clause 8.2.1.2 of
[8]).—=Station ID (32 bits)+SequenceNumber (16 bits)
3) If transmissionlnternval 1s provided by the application

request:
a. Set transmissionlnterval,
b. otherwise, continue the operation.

4) Set other fields of DENM management container, situa-
tion container, location container and a la carte container
(Annex A of [8]).

5) Set referenceTime to the current time.

6) Construct DENM.

7) Pass the DENM to the I'TS networking & transport layer.

8) Create an entry 1n the originating ITS-S message table and
set the state to ACTIVE.

9) Start/restart timer T_O_Validity.

10) If repetitionDuration >0 and repetitionInterval >0:

a. Calculate and start timer T_RepetitionDuration and
T_Repetition.
b. otherwise, continue the operation.
11) Send actionID to the requesting I'TS-S application.

12) End.

When the timer T_Repetition expires, DEN basic service
shall execute the following operations:

1) Pass the DENM to ITS networking & transport layer,
2) Restart timer T_Repetition.

In addition, 3GPP RAN WG concluded that V2V services
based on LTE sidelink 1s feasible and considered that some
enhancement could be needed 1n order to fulfil the V2X
requirements, as discussed in 3GPP RP-160649 as follows:

3GPP 1s actively conducting study and specification work
on LTE-based V2X 1n order to respond to this situation. A
SAl work 1tem was approved in SP-150573 to specily
service requirements. SA2 agreed a study 1tem 1n S2-153532

to 1dentity and evaluate potential architecture enhancements.
In RAN#68, a study item on LTE-based V2X Services was

approved in RP-151109. In this study PC5-based V2V has
been given highest priority until RAN#70. The motivation
for prioritizing V2V until RAN#70 1s to start a V2V work
item 1n December 2015, as proposed in RP-151082. This
RAN Feasibility Study (FS_LTE_V2X, TR 36.885) has
completed the part of PC5 transport for V2V services. The
RAN study concluded that it 1s feasible to support V2V
services based on LTE PC5 interface with necessary
enhancements, and the study also recommended to enhance
at least LTE sidelink resource allocation, physical layer
structure, and synchronization. In the meantime, the RAN
study 1s also considering V2V operation scenarios based on
not only LTE PC5 interfance but also LTE Uu interfance or
a combination of Uu and PC35, and the maximum efliciency
of V2V services may be achieved by selecting/switching the
operation scenario properly.

Early completion of the corresponding RAN specification
for PC5-based V2V and integration with Uu interface will
enable fast preparation for device and network implemen-
tation, thereby allowing more chance for LTE-based V2V 1n
the market. In addition, 1t can provide the basis for other
V2X services, especially V2I/N and V2P services, so that
RAN support for all the V2X services can be completed 1n
time.

In 3GPP TR 23.785, V2X transmission/reception via PC3S
interface 1s mtroduced as follows:

6.2 Solution #2: V2X Message Transmission/Reception for
V2V/P Services Using PCS

6.2.1 Functional Description

6.2.1.1 General

This solution corresponds to the Key Issue #2 “V2X
message transmission/reception for V2V Service and V2P
Service”.
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Transmission of a V2X message for V2V Service and
V2P Service can be made using PC5. FIG. 6.2.1.1-1 (a)
shows V2X message transmission/reception over PCS when
the UEs are “served by E-UTRAN” and FIG. 6.2.1.1-1 (b)
shows V2X message transmission/reception over PCS when

the UEs are “not served by E-UTRAN”.

FIG. 6.2.1.1-1 of 3GPP TR 23.785 v1.0.0, Entitled
“Transmission of a V2X Message for V2V Service
and V2P Service Over PC35”, 1s Reproduced as
FIG. 7

V2X messages over PC5 need to be broadcasted so that all
UEs supporting V2V and/or V2P Service 1n proximity of the
V2X message transmitting UE can receive the messages
regardless of roaming and serving PLMN. One-to-all ProSe
Direct Communication 1s applicable when the UE 1s “served
by E-UTRAN” and when the UE 1s “not served by
E-UTRAN”. The transmitting UE as well as receiving UE
authorized for V2X Service as described in Solution #1
(clause 6.1) perform one-to-all ProSe Direct Communica-
tion by using addressing/identifiers as described in clause

6.2.1.2.

One-to-all ProSe Direct Communication for V2X has the
tollowing characteristics:

One-to-all ProSe Direct Commumnication 1s connection-
less. Thus there 1s no signalling over PC5 control plane.

The radio layer provides a user plane communication
service for transmission of V2X messages between
UEs engaged 1n direct communication.

IPv6 1s used for transmission ol IP packets of V2X
message. IPv4 1s not supported 1n this release.

Non-IP based V2X messages are supported.

Authorization for one-to-all ProSe Direct Communication
1s configured 1in the UE as described 1n Solution #1.

6.2.1.2 Addressing/Identifiers

Each UE has a Layer-2 1D for one-to-all ProSe Direct

Communication that 1s included i the source Layer-2 1D
field of every frame that 1t sends on the layer-2 link. The UE
self-assigns the Layer-2 ID for one-to-all ProSe Direct
Communication.

The UE auto-configures a link local IPv6 address follow-
ing procedures defined 1n RFC 4862 [6]. This address can be
used as the source IP address for one-to-all ProSe Direct
Communication.

In order to ensure that a vehicle cannot be tracked or
identified by any other vehicle beyond a certain short
time-period required by the application, the source Layer-2
ID and the source IP address must be changed over time.

The UE 1s configured with the destination Layer-2 1D(s)
to be used for V2X services. V2X application selects the L2
ID for a V2X message based on the configuration.

6.2.1.3 User Plane Stacks
[ ... ]

FIG. 6.2.1.3-1 of 3GPP TR 23.785 v1.0.0, Entitled
“User Plane for PC5 Interface Supporting V2X”, 1s
Reproduced as FIG. 8

[ ... ]
6.2.2 Procedures

To perform one-to-all ProSe Direct Communication, the
UE 1s configured with the related information for one-to-all
ProSe Direct Communication as defined in Solution #1.
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The procedure for one-to-many ProSe Direct Communi-
cation transmission described 1n clause 5.4.2 of TS 23.303
[5] 1s applied to one-to-all ProSe Direct Communication for
V2X message transmission for V2V/P Services using PC5
with following differences:

The source Layer-2 ID 1s set to the Layer-2 ID described

in clause 6.2.1.2.
A UE shall be configured with a set of Layer-2 ID

corresponding to different type of services.
The procedure for one-to-many ProSe Direct Communi-
cation reception described 1n clause 5.4.3 of TS 23.303 [5]
1s applied to one-to-all ProSe Direct Communication for

V2X message reception for V2V/P Services using PCS.
3GPP TR 23.785 also introduces QoS (Quality of Service)

control for V2X transmission/reception via PC3S interface as
follows:

6.6 Solution #6: QoS Handling for PCS Based Message
6.6.1 Functional Description
6.6.1.1 General

This solution corresponds to the Key Issue #4 “V2X
message prioritization for V2V Service and V2P Service”
and Key Issue #7 “QoS for V2X Service”.

When PC5 1s used for the transmission of V2X messages,

the following principles are followed:
ProSe Per-Packet Priority (PPPP) defined in clause

5.4.6.1 of TS 23.303 [5] applies to the V2X commu-
nication using PC5.

The application layer sets the PPPP of the V2X message
when passing it to lower layer for transmaission.

The mapping of application layer V2X message priority
to PPPP 1s based on pre-configuration on the UE. The
configuration of such mapping on the UE i1s out of

scope of 3GPP.

Core Network, 1.e. MME, provides the UE-PC5-AMBR
based on subscription information to the eNB as part of
the UE context information.

When network scheduled operation mode 1s used, follow-
ing additional principles apply:

UE provides priority information reflecting PPPP to the
eNB for resources request.

When the eNB receives a request for PCS resource
from a UE, the eNB can deduce the packet delay
budget and reliability from the priority information
from the UE.

e¢NB can use the priority information for priority han-

dling and UE-PC5-AMBR {for capping the UE PCS
transmission 1n the resources management.
In addition, 3GPP TR 23.785 mtroduces V2X transmis-
sion/reception via Uu iterface as follows:
6.3 Solution #3: V2X Message Transmission/Reception for
V2V/P Services Via LTE-Uu
6.3.1 Functional Description
6.3.1.1 General
This solution corresponds to the Key Issue #2 “V2X
message transmission/reception for V2V Service and V2P
Service” and Key Issue #6b “Latency improvements for
cMBMS”.
The proposed solution applies to the case where the UE
sends the V2X message via LTE-Uu and the V2X message
1s forwarded to multiple UEs over LTE-Uu as shown 1n FIG.

6.3.1.1-1.

FIG. 6.3.1.1-1 of 3GPP TR 23.785 v1.0.0, Entitled
“V2X Message Transmission/Reception for V2V/P
Services Via LTE-Uu”, 1s Reproduced as FIG. 9

Furthermore, 3GPP TR 23.785 introduces QoS control for
V2X transmission/reception via Uu interface as follows:
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6.7 Solution #7: New QCI Values for LTE-Uu Based V2X
Message Transmission/Reception

6.7.1 Functional Description

The V2X messages for V2V/P Services can be transmitted
periodically or based on a certain event. LTE-Uu based V2X
message transmission for V2V/P Services has to fulfil the
following latency requirement:

100 ms for V2X message delivery from the transmitting,

UE and to the recerving UEs

The V2X message can be delivered via Non-GBR bearer
as well as GBR bearer. However, there i1s neither existing
standardized Non-GBR QCI nor existing standardized GBR
(QCI which meets the latency requirement for V2X message
delivery for V2V/P Services. Therefore, this solution pro-
poses to define a new Non-GBR QCI value and a new GBR

QCI value for V2X messages for QoS support.
The rationale of setting performance characteristics for

newly defined GBR QCI value 1s as below:

Resource Type 1s GBR.

Packet Delay Budget (PDB) 1s set to 50 ms (=100 ms/2).

Priority Level 1s set to be higher value than QCI for Public
Safety (1.e. >0.7) and lower value than QClIs for non-
Public Safety (1.e. <2).

Packet Error Loss Rate (PELR) 1s set to support high
reliability without requiring application-layer message
retransmissions while considering the low PDB which
may cause the higher PELR.

The rationale of setting performance characteristics for

newly defined Non-GBR QCI value 1s as below:

Resource Type 1s Non-GBR.

Packet Delay Budget (PDB) 1s set to 50 ms (=100 ms/2).

Priority Level 1s set to be higher value than QCI for Public
Safety (1.e. >5.5) and lower value than QClIs for non-
Public Safety (i.e. <6) by only considering QClIs for
non-signalling.

Packet Error Loss Rate (PELR) 1s set to support high
reliability without requiring application-layer message
retransmissions while considering the low PDB which
may cause the higher PELR.

Table 6.7.1-1 captures QCI characteristics for V2X mes-

sages.

Table 6.7.1-1 of 3GPP TR 23.785 v1.0.0, Entitled
“QCI Characteristics for V2X Messages”™, 1s
Reproduced as FIG. 10

In RAN1#84b1s meeting, the following agreements were

made:
RAN1#84b1s Agreement

For SPS of V2V ftratlic for mode-1 SPS on PC3:
The eNB may configure multiple SPS configurations
for a given UE
At least SPS-configuration-specific MCS (1f MCS 1s
part of the SPS-configuration) and SPS-configu-
ration-specific periodicity can be configured
FFS 1f/which other SPS parameters can difler
across the SPS-configurations
The eNB can dynamically trigger/release the differ-
ent SPS-configurations by use of (E)PDCCH
Details of the trigger/release are FFS
In RAN2#94 meeting, the following agreements were
made:
RAN2#94 V2V WI Agreements
Multiple SPS configuration with different configuration
parameters can be configured by eNB. Which SPS
configuration 1s being activated/deactivated can be sig-
nalled. Details of control signalling are left to RANI. It
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1s FFS whether we allow multiple configurations to be
active at the same time. Two options are possible:

One active SPS at a time (as per LTE)

Multiple SPS active at a time (SPS configuration and
UE assistance information may be linked to one or

more radio bearers).

UE assistance at least on periodicity and/or timing can be
provided to eNB. UE assistance can be configured by eNB.

UL SPS configuration 1s decided by eNB. Triggering of UE
assistance are FFS.

In the email discussion of [94#31] [LTE V2V], multiple

SPS configurations activated on a UE at a time was pro-
posed.

In 3GPP TR23.785, QoS handling was introduced as
follows:

6.6 Solution #6: QoS Handling for PC5 Based Message
6.6.1 Functional Description
6.6.1.1 General

This solution corresponds to the Key Issue #4 “V2X

message prioritization for V2V Service and V2P Service”
and Key Issue #7 “QoS for V2X Service”.

When PC5 1s used for the transmission of V2X messages,
the following principles are followed:

ProSe Per-Packet Priority (PPPP) defined in clause
5.4.6.1 of TS 23.303 [5] applies to the V2X commu-
nication using PC3.

The application layer sets the PPPP of the V2X message
when passing 1t to lower layer for transmission.

The mapping of application layer V2X message priority
to PPPP 1s based on pre-configuration on the UE. The

configuration of such mapping on the UE 1s out of
scope of 3GPP.

[ ... ]
In RAN2#95 meeting, agreements were made that a UE

can report UE assistance information to request SPS
resources and the UE can send SidelinkUFEInformation to
eNB for sidelink resources if it 1s interested in V2X as
follows:

SPS
Multiple SPS can be activated simultaneously

UE assistance triggers are left to UE implementation. The
network should be able to configure UE assistance
information.

The UE assistant information includes a set of preferred
expected SPS interval, timing oflset with respect sub-

frameO of the SFNO (frame and subiframe number). FFS
if per logical channel.

UE Assistance:

The UE Assistance Information 1s allowed to be reported
i change in estimated periodicity of packet arrival
OCCUrs

The UE Assistance Information 1s allowed to be reported
if change 1n estimated oflset of packet arrival occurs

The UE assistance mformation i1s configured by the eNB

The UE Assistance Info can be reported both 1n case SPS
1s configured or not

UE Assistance Info per SPS existing or suggested con-
figuration(s). Details of configurations are FFS.

UE Assistance information reporting is configured by the
eNB at least for PC5 V2X.

Additional Content of UE

If configured by the eNB,
configuration

SPS index of the SPS
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Layer 2 Protocol
[ ... ]
RRC Related Aspects
When requesting sidelink resources, the UE shoul
inform the eNB that 1t 1s interested 1n V2X 1n SidelinkUE-

information
According to 3GPP 52-162038, each type of V2X mes-

sage can be distinguished by the Provider Service Identifier
(PSID) field 1n the WSMP header as follows:

In addition, for the non-IP V2X messages, WAVE makes
use of the WSMP headers to multiplexing the diflerent
service layer messages (and different message sets). An
example of the WSMP message 1s provided in IEEE 1609.3,
as shown in FIG. 2.

L.

FIG. 2 of 3GPP S2-162038, Entitled “Example of
WSMP Message”, 1s Reproduced as FIG. 11

The Provider Service Identifier (PSID) field of the WSMP

header provides the information about the service layer, and
allows the message forwarding. The PSID values are defined

— -

in IEEE 1609.12, for example, BSM message can use 0x20,
and CAM can use 0x24.

In 3GPP TS 23.285, 1dentifiers for V2X communication
over PC3S reference point are specified as follows:
4.5.1 Identifiers for V2X Communication Over PC5 Refer-
ence Point

Each UE has a Layer-2 ID for the V2X communication
over PC5 reference point, which 1s included 1n the source
Layer-2 1D field of every frame that 1t sends on the layer-2
link. The UE self-assigns the Layer-2 ID for the V2X
communication over PC5 reference point.

SidelinkUEInformation-rl2-

commRxInterestedFreq-r12
commxResourceReq-rl2

discRxInterest-r12

10

15

20

25

30

discTxResourceReq-rl12
lateNonCritical Extension

nonCritical Extension

h

SidelinkUEInformation-v1310-IEs
commxResourceReqUC-r13
commTxResourceInfoRegRelay-r13

commTxResourceRegRelay-rl 3

commTxResourceRegRelayUC-r13

ue-lType-rl3

b

discTxResourceReq-v1310

carrierFreqDiscTx-r13

discTxResourceReqAddFreq-rl3

OPTIONAL

h

C
discRxGapReq-rl13
discTxGapReqg-r13
C

OPTIONAL,
nonCriticalExtension

h

SL-CommTxResourceReq-rl2 ::

carrierbreq-rl2

h

destinationlnfol ist-r12

SL-Destinationlnfol.ist-r12 ::=

Destinationldentity-r12

SL-Destiationldentity-r12 ::=

[..]

iscTxResourceReqPS-r13

iscSysInfoReportFreqList-r13
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When IP based V2X messages are supported, the UE
auto-configures a link local IPv6 address to be used as the

source IP address, as defined in clause 4.5.3 of TS 23.303
[3].
In order to ensure that a vehicle cannot be tracked or

identified by any other vehicles beyond a certain short
time-period required by the application, the source Layer-2

ID must be changed over time.

Editor’s Note: For IP based V2X communication over
PC5 reference point, SA3 will decide whether the

source IP address needs to be changed over time.

The UE i1s configured with the destination Layer-2 I1D(s)
to be used for V2X services. The Layer-2 ID for a V2X

message 1s selected based on the configuration as described
in clause 4.4.1.1.

]

4.4.1.1.2 Policy/Parameter Provisioning

The following iformation 1s provisioned to the UE for
V2X communications over PC5 reference point:

]

3) Policy/parameters for V2X communication over PC3
reference point:

The mapping of Destination Layer-2 ID(s) and the V2X
services, €.g. PSID or ITS-AIDS of the V2X applica-

tion.

The content of a SidelinkUFEInformation 1s specified 1n
3GPP TS 36.331 as follows:

SidelinkUEInformation
The SidelinkUEInformation message 1s used for the indi-
cation of sidelink information to the eNB.

S = SEQUENCE {
ARFCN-ValueEUTRA-19 OPTIONAL,
SL-CommTxResourceReq-r12 OPTIONAL,
ENUMERATED {true} OPTIONAL,
INTEGER (1..63) OPTIONAL,
OCTET STRING OPTIONAL,
SidelinkUEInformation-v1310-IEs OPTIONAL
:=SEQUENCE {
SL-CommTxResourceReq-r12 OPTIONAL,
SEQUENCE A
SL-CommTxResourceReq-rl2 OPTIONAL,
SL-Comm1xResourceReq-r12 OPTIONAL,

ENUMERATED {relayUE, remoteUE}
OPTIONAL,

SEQUENCE {

INTEGER (1..maxFreq)

SL-DiscTxResourceReqPerFreglist-r13

OPTIONAL,

OPTIONAL,
SL-DiscTxResourceReq-rl 3 OPTIONAL,
SL-GapRequest-rl3 OPTIONAL,
SL-GapRequest-rl3 OPTIONAL,

SL-DiscSysInfoReportFreqlist-rl 3

SEQUENCE { } OPTIONAL
= SEQUENCE {
ARFCN-ValueEUTRA-19 OPTIONAL,

ST.-DestinationInfol ist-r12

SEQUENCE (SIZE (1..maxSL-Dest-r12)) OF SL-

BIT STRING (SIZE (24))
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SidelinkUEInformation field descriptions
[...]

destinationInfol.ist

Indicates the destination(s) for relay or non-relay related one-to-one
or one-to-many sidelink communication. For one-to-one sidelink
communication the destination is 1dentified by the ProSe UE ID for

unicast communication, while for one-to-many the destination it 1s
identified by the ProSe Layer-2 Group ID as specified in TS 23.303 [68].

Sidelink BSR MAC Control Flements are specified 1n
3GPP TS 36.321 for UEs to report sidelink bufler status as
follows:
6.1.3.1a Sidelink BSR MAC Control Elements

Sidelink BSR and Truncated Sidelink BSR MAC control
elements consist of one Destination Index field, one LCG ID
field and one corresponding Bufler Size field per reported
target group.

The Sidelink BSR MAC control elements are i1dentified
by MAC PDU subheaders with LCIDs as specified in table
6.2.1-2. They have variable sizes.

For each included group, the fields are defined as follows
(FIGS. 6.1.3.1a-1 and 6.1.3.1a-2):

Destination Index: The Destination Index field identifies

the ProSe Destination. The length of this field 1s 4 baits.
The value 1s set to the index of the destination reported
in destinationinfolList and if destinationinfolL1stUC 1s
also reported, the value 1s indexed sequentially across
both lists specified 1n [8];

LCG ID: The Logical Channel Group ID field identifies
the group of logical channel(s) which bufler status 1s
bemg reported. The length of the field 1s 2 bits;

Bufler Size: The Bufler Size field identifies the total
amount of data available across all logical channels of
a LCG of a ProSe Destination after all MAC PDUs for
the TTT have been built. The amount of data 1s indicated
in number of bytes. It shall include all data that 1s
available for transmission in the RLC layer and in the
PDCP layer; the definition of what data shall be con-
sidered as available for transmission 1s specified 1n [3]
and [4] respectively. The size of the RLC and MAC
headers are not considered 1n the bufler size computa-
tion. The length of this field 1s 6 bits. The values taken
by the Bufler Size field are shown 1n Table 6.1.3.1-1;

R: Reserved bit, set to “0”.

Bufler Sizes of LCGs are included 1n decreasing order of
the highest priority of the sidelink logical channel belonging,
to the LCG 1rrespective of the value of the Destination Index

field.

Figure Omuitted

FIG. 6.1.3.1a-1: Sidelink BSR and Truncated
Sidelink BSR MAC Control Element for E

Even N

Figure Omitted

FIG. 6.1.3.1a-2: Sidelink BSR and Truncated
Sidelink BSR MAC Control Element for Odd N

Currently, SA2 discussed that each V2X message passed

to lower layer for transmission will be associated with one
PPPP (ProSe Per Packet Priority), as discussed in 3GPP TR

23.785. And each V2X message will be mapped to one
logical channel based on the PPPP of the V2X message since
there 1s one PPPP associated with each logical channel, as

discussed in 3GPP TS 36.300.
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Possibly, the application layer of UE which generates
CAM messages and DENM messages would set difierent
PPPPs of the CAM message and DENM (Decentralized
Environmental Notification Message) message since pur-
poses of CAM and DENM transmissions are different, as
discussed in ETSI EN 302 637-2 and 302 637-3. Theretore,
the logical channel of the CAM messages and the logical
channel of the DENM messages may be diflerent.

According to Table 1 of ETSI EN 102 637-3, there are 13
different events for triggering DENM generations. Cur-
rently, there are 8 values for setting a PPPP, as discussed in
3GPP TS 23.303. In this situation, multiple DENM mes-
sages generated due to different events may share one PPPP
and thus these DENM messages with different tratlic char-
acteristics (e.g., periodicity, generation timing, message
s1ze, etc.) will be mapped to same logical channel. If this 1s
the case, 1n access stratum (AS) layer point of view, the
timing to transmit DENM messages on the logical channel
may become aperiodic if the I'TS-S application layer of the
UE detects more than one event. This 1s generally illustrated
in FIG. 12.

In the email discussion of 3GPP email discussion of
[94#31] [LTE V2V] Layer 2 Open Issues for V2V, some
companies consider that SPS configuration and UE assis-
tance mformation (including traffic characteristics) should
be linked to logical channels so that traflic characteristics
and transmission resources (e.g., SPS (Semi-Persistent
Scheduling) interval and timing ofiset) of specific logical
channel can be matched to each other. However, whether
SPS configuration and UE assistance information should be
linked to loglcal channels 1s not concluded yet, as discussed
1n the email discussion of 3GPP email discussion of [94#31]
[LTE V2V] Layer 2 Open Issues for V2V.

In general, 11 one SPS configuration 1s linked to the logical
channel of CAM messages and another SPS configuration 1s
linked to the logical channel of DENM messages, the UE
can transmit UE assistance information (including change of
tratlic characteristics) linked to specific logical channel to
the eNB for reactivating or modifying the SPS configuration
linked to the specific logical channel. In this case, linking
UE assistance information to logical channels seems fea-
sible.

However, if the UE has multiple DENM messages with
different traffic characteristics for transmission during a
certain period and these DENM messages are mapped to
same logical channel, more than one SPS configurations
would be linked to the logical channel. In this situation,
linking UE assistance information to logical channels 1s not
useiul because the logical channel linked to the UE assis-
tance mnformation 1s linked to multiple SPS configurations;
and thus the eNB cannot know which SPS configuration
among activated SPS configurations linked to the logical
channel should be reactivated, modified, or deactivated
when 1t recerves the UE assistance information from the UE.

If this 1s the case, how to design the content of UE
assistance information for indicating which SPS configura-
tion among activated SPS configurations to be reactivated,
modified or deactivated should be further studied. Thus,
there are two possible ways to solve this issue.

One solution 1s generally to separate logical channels for
separate transmissions of DENM messages where traflic
characteristics of DENM messages on 1ts own logical chan-
nel could be diflerent from each other even 1t these logical
channels are associated with same PPPP. In this situation,
linking UE assistance information to logical channels 1is
feasible. However, this solution may require additional

information (e.g., action ID discussed i ETSI EN 302
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63°7-3) provided by the upper layer of the UE {for assisting
the lower layer of the UE for mapping these DENM mes-
sages to specific logical channel. In order words, this solu-
tion needs to specily more interactions between the upper
layer and the lower layer.

The other solution 1s generally to link the SPS configu-
ration with the associated V2X message using an additional
identity. For example, the UE assistance information
includes this identity so that the eNB can know which SPS
configuration among activated SPS configurations should be
reactivated, modified, or deactivated based on the i1dentity
included in the recetved UE assistance information. In
addition, the eNB can also include this 1dentity in the signal
used to allocate the modified SPS configuration so that the
UE can associate this SPS configuration to the correspond-
ing V2X message. In principle, this solution could be
applied for Uu interface or PC3/SL interface. FIG. 13
illustrates an exemplary embodiment of this solution.

In general, the UE may transmit UE assistance informa-
tion to the eNB for different purposes (e.g., SPS configura-
tion activation, reactivation, or deactivation). In one
embodiment, the UE assistance information containing trai-
fic characteristics (e.g., periodicity of data, data size or etc.)
may be sent to the eNB when a new V2X message 1s passed
to the lower layer of the UE for transmission. The UE may
assign the i1dentity used to associate the SPS configuration
(or SPS resources) with the V2X message. Optionally, the
field of this 1dentity could be set to a specific value which 1s
used to indicate a request for new SPS resources for the V2X
message. In other words, the UE sets this field to a specific
value 1f the UE currently has no any SPS resources used for
transmission of the V2X message. More specifically, the
specific value 1s not a normal 1dentity. For example, this field
may contain 4 bits, 8 values (‘0000°~°0111") could be used
for normal 1dentities, ‘1111” could be the specific value, and
other values (*1000°~°11107) could be reserved.

In response to reception of the UE assistance information,
the eNB replies a signal (e.g., downlink control information)
to activate a SPS configuration (or SPS resources). The eNB
may assign an identity and includes this identity 1n the signal
if’ this 1dentity field 1s set to the specific value. Otherwise
(1.e., this 1dentity field 1s set to a normal value), eNB just
includes this identity assigned by the UE in the signal. More
specifically, the signal or downlink control information may
contain the identity and SPS configuration (e.g., information
indicating an SPS interval, timing offset, MCS, and/or PRB,
etc.).

In one embodiment, the UE assistance information may
contain updated traflic characteristics (e.g., periodicity of
data, data size or etc.) when traflic characteristics of the V2X
message change. In this situation, the i1dentity associated
with the activated SPS configuration (or SPS resources) in
the UE for the V2X message 1s included 1n the UE assistance
information. In response to reception of the UE assistance
information, the eNB modifies the concerned SPS configu-
ration (or SPS resources) associated with the i1dentity and
sends another signal (or downlink control information) to
the UE. More specifically, the signal or downlink control
information may contain the identity and the updated SPS
configuration (e.g., information indicating an SPS interval,
timing oflset, MCS, and/or PRB, etc.).

In one embodiment, the UE assistance information may
indicate the end of transmission of V2X messages, wherein
an 1denftity associated with an activated SPS configuration
(or SPS resources) in the UE could be included in the U.
assistance mformation. In response to reception of the U.
assistance information, the eNB deactivates the SPS con-
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figuration associated with the identity. More specifically, the
eNB provides downlink control information to the UE,
wherein the downlink control information may contain SPS
release information with the i1dentity for releasing the SPS
configuration (or SPS resources) associated with the 1den-
tity.

In another embodiment, the 1dentity used to associate the
SPS configuration (or SPS resources) with the V2X message
1s an 1dentity of the SPS configuration (e.g., SPS Configu-
ration ID), an 1dentity of the SPS resources (e.g., SPS Grant
ID) or an identity of the V2X message (e.g., Action ID).

FIG. 14 A 1s a flow chart 1400 according to one exemplary
embodiment, from the perspective of a UE, for requesting
SPS resources for V2X message transmissions. In step 1405,
the UE generates a first V2X message for transmission. In
step 1410, the UE transmits a first signal to a network node
for requesting SPS resources for transmitting the first V2X
message and following first V2X messages which are gen-
erated subsequent to the first V2X message, wherein the first
signal 1ncludes an identity used to associate the SPS
resources with the first V2X message and the following first
V2X messages. In step 1415, the UE receives a second
signal from the network node, wherein the second signal
contains a first information indicating the SPS resources and
the 1dentity. In step 1420, the UE transmits the first V2X
message and the following first V2X messages according to
the SPS resources indicated by the first information.

In an alternative embodiment illustrated in FIG. 14B, the
UE generates a second V2X message which causes a change
to current SPS resources as shown in step 1425. In step
1430, the UE transmits a third signal to the network node for
moditying the current SPS resources, wherein the third
signal contains at least the identity. In step 1435, the UE
receives a fourth signal from the network node, wherein the
fourth signal contains a second information indicating
updated SPS resources and the identity. In step 1440, the UE
transmits the second V2X message and following second
V2X messages which are generated subsequent to the sec-
ond V2X message according to the updated SPS resources
indicated by the second information.

Retferring back to FIGS. 3 and 4, 1n one exemplary
embodiment of a UE for requesting SPS resources for V2X
message, the device 300 includes a program code 312 stored
in the memory 310. The CPU 308 could execute program
code 312 to enable the UE (1) to generate a first V2X
message for transmission, (11) to transmit a {irst signal to a
network node for requesting SPS resources for transmitting
the first V2X message and following first V2X messages
which are generated subsequent to the first V2X message,
wherein the first signal includes an 1dentity used to associate
the SPS resources with the first V2X message and the
following first V2X messages, (111) to recerve a second signal
from the network node, wherein the second signal contains
a first information indicating the SPS resources and the
identity, and (1v) to transmit the first V2X message and the
following first V2X messages according to the SPS
resources indicated by the first information.

In an alternative embodiment, the CPU 308 could further
execute program code 312 to enable the UE (1) to generate
a second V2X message which causes a change to current
SPS resources, (11) to transmit a third signal to the network
node for modilying the current SPS resources, wherein the
third signal contains at least the i1dentity, (i11) to receive a
fourth signal from the network node, wherein the fourth
signal contains a second information indicating updated SPS
resources and the identity, and (1v) to transmit the second
V2X message and following second V2X messages which
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are generated subsequent to the second V2X message
according to the updated SPS resources indicated by the
second information.

Furthermore, the CPU 308 can execute the program code
312 to perform all of the above-described actions and steps
or others described herein.

FIG. 15 1s a flow chart 1500 according to one exemplary
embodiment, from the perspective of a network node, for
allocating semi-persistent scheduling (SPS) resources for
V2X message transmissions. In step 1503, the network node
receives a first signal from a UE {for requesting SPS
resources for transmitting first V2X messages generated by
the UE. In step 1510, the network node transmits a second
signal to the UE, wherein the second signal contains first
information indicating the SPS resources and an identity
used to associate the SPS resources with the first V2X
messages. In step 15135, the network node receives a third
signal from the UE for modifying current SPS resources,
wherein the third signal contains at least the 1dentity. In step
1520, the network node transmits a fourth signal to the UE,
wherein the fourth signal contains second information indi-
cating updated SPS resources and the identity.

Referring back to FIGS. 3 and 4, 1n one exemplary
embodiment of a network node, the device 300 includes a
program code 312 stored in the memory 310. The CPU 308
could execute program code 312 to enable the network node
(1) to receive a first signal from a UE for requesting SPS
resources for transmitting first V2X messages generated by
the UE, (11) to transmit a second signal to the UE, wherein
the second signal contains first information indicating the
SPS resources and an identity used to associate the SPS
resources with the first V2X messages, (111) to receive a third
signal from the UE for modifying current SPS resources,
wherein the third signal contains at least the identity, and (iv)
to transmit a fourth signal to the UE, wherein the fourth
signal contains second information indicating updated SPS
resources and the i1dentity. Furthermore, the CPU 308 can
execute the program code 312 to perform all of the above-
described actions and steps or others described herein.

In the context of the embodiments illustrated 1n FIGS.
14A-14B and 15, in one embodiment, the network node
could be an eNB (evolved Node B) or a base station.

In one embodiment, the first signal could contain tratlic
characteristics (e.g., periodicity, generation timing, and/or
message size) for the first V2X message and the following
first V2X messages. Furthermore, the second signal could be
a SPS (Semi-Persistent Scheduling) mitialization signaling.
In addition, the third signal could contain tratlic character-
istics (e.g., periodicity, generation timing, and/or message
s1ze) for the second V2X message and the following second
V2X messages. Also, the fourth signal could be a SPS
re-mitialisation signaling.

In one embodiment, the 1dentity could be set by the UE.
Alternatively, the 1dentity could be set by the network node
and 1ncluded 1n the second signal. Furthermore, a field of the
identity in the first signal could be set to a specific value used
to request SPS resources for the first V2X message which 1s
not associated with any SPS resources. In addition, the
specific value 1s not a normal 1dentity used to idenftily
specific SPS resources. Also, the identity could be an
identity of the SPS resources (e.g., SPS configuration ID or
SPS grant ID). Furthermore, an 1dentity could be an identity
of the V2X messages (e.g., Action ID).

In one embodiment, the V2X messages could be CAM
messages. In addition, the first and second V2X messages
are generated when a specific event 1s detected. Alterna-
tively, the V2X messages could be DENM messages. Fur-
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thermore, different types of V2X messages (e.g., CAM and
DENM messages) could be mapped to a same logical
channel. In addition, the V2X messages could be generated
due to different specific events can be mapped to a same
logical channel.

In one embodiment, the first/'second information are
downlink control information.

According to 3GPP S2-162038 and 3GPP TS 23.283, each
V2V type message 1s associated with one PSID (e.g., CAM
['7] uses the PSID value ‘0x24°) corresponding to a Desti-
nation Layer-2 ID, 1.e., there are a single Destination
Layer-2 ID used for CAM message transmission and a single
Destination Layer-2 ID used for DENM [8] message trans-
mission.

The UE assistance information 1s introduced in 3GPP
RAN2#95 Chairman’s Notes. The content of the UE assis-
tance iformation may contain (e.g., an expected SPS inter-

val and an expected SPS timing offset and a SPS index
associated with the expected SPS interval/timing offset). The
UE sends the UE assistance information to request the eNB
to schedule SL SPS resources for transmission of V2V
messages. However, how to indicate demands of the SL SPS
resources has not been concluded vet. It 1s assumed that the
current SL BSR can be used to indicate the SL SPS resource
demands, 1.e., the eNB could couple the UE assistance
information with the SL BSR to acquire complete informa-
tion for scheduling the SL SPS resources. In general, before
start of V2V transmission, the UFE should send a destination
list 1n a SidelinkUEInformation to the eNB in order to
associate each destination layer-2 ID included 1n the list with
a destination index to be used in the SL (Sidelink) BSR
(Bufler Status Report), wherein the list may include a
destination layer-2 1D of CAM and a destination layer-2 1D
of DENM.

Currently, the trigger of UE assistance information 1s left
to UE implementation based on, for example, observation on
interval between two consecutive V2V packets or periodic-
ity information provided by upper layer. Possibly, the UE
may have CAM and DENM messages for SL transmission
during a time period. The UE may first trigger the UE
assistance information to request the eNB to activate an SPS
configurations including expected SPS interval/timing oilset
for CAM transmissions because the UE has observed
CAM’s interval, but arrivals of the CAM and DENM
messages may trigger a S BSR indicating resource
demands for the CAM transmissions and the DENM trans-
missions. In this situation, some connection(s) between the
set of expected SPS interval/offset included in the UE
assistance 1nformation and the required SPS resource
demands indicated in the SL BSR would be needed. Other-
wise, the eNB could not schedule SPS resources properly,
e.g., CAM-used SPS configuration may be activated with
DENM-used SPS resources, and versa. This could be 1llus-
trated in FIG. 16.

There are two directions to consider for such connection.

Direction 1—In this direction, the UE indicates the need
of SL SPS resources via SidelinkUEInformation instead of
UE assistance information. Destination Layer2 ID and
expected SPS configuration could be bound i1n the Side-
linkUEInformation, as discussed in 3GPP TS 36.331. One
drawback of this direction 1s that it could cause signaling
overhead. For example, all of destination layer2 IDs and
expected SPS configurations 1n the SidelinkUEInformation
should be reported although only part of expected SPS
configurations changes. In this direction, the SPS index
could be optionally included 1n the SidelinkUEInformation.
The concept of this direction could be 1llustrated 1n FIG. 17.




US 10,356,758 B2

23

Direction 2—This direction considers the association
between destination index and expected SPS configuration.
For example, i1 the expected SPS interval/timing oflset 1s to
be used for CAM transmission, then the destination index
associated with the destination layer-2 ID of CAM could
also be used to associate the expected SPS interval/timing
oflset with the required SPS resource demand in the SL
BSR. In one embodiment, the destination index could be
included in the UE assistance information. Compared with
Direction 1, Direction 2 could reduce signaling overhead
because the destination index (4 bits) has fewer bits than the
destination ID (24 bits). The concept of this direction could
be illustrated in FIG. 18.

According to ETSI EN 302 637-3, the construction of a
DENM 1s triggered by an ITS-S application. It 1s possible
that the ITS-S application would detect more than one event
at a time. For example, automatic emergency braking is
activated while emergency electronic brake lights (accord-
ing to use cases 1 Table 10 of ETSI EN 302 637-3). If this
1s the case, the UE may detect two events and start to
generate a sequent DENMI1 messages and a sequent
DENM?2 messages for the corresponding events.

In this case, the UE may trigger a UE assistance infor-
mation for requesting two sets of SPS resources and a SL
BSR for indicating SPS resource demands for transmitting
these two sequent DENM messages. It the logical channel(s)
carrying these two sequent DENM messages belongs to
same LCG (due to, for example, priority rule provided by
e¢NB), the eNB cannot differentiate correct resource
demands for each sequent DENM messages based on the SL
BSR because the resource demands are mixed together
under same destination index (DENM) and same LCG. The
issue could be illustrated i FIG. 19.

There are two alternatives to solve the issue.

Alternative 1—A possible solution 1s to specily more than
one Destination Layer-2 ID used for DENM transmission
purpose so that UE can select diflerent Destination Layer-2
IDs for different sequent DENM messages, e.g., Destination
Layer-2 ID2 1s used for DENMI1 and Destination Layer-2
ID3 1s used for DENM2 in the SidelinkUEInformation. In
this alternative, each set of expected SPS iterval/timing
oflset included 1n the UE assistance imnformation could be
identified by the associated destination index and thus the
SPS index could be optionally included 1n the UE assistance
information. In this alternative, the network (or eNB) may
schedule the UE with SPS resources via a downlink control
information containing a destination index associated with a
set of expected SPS interval/timing offset indicated 1n the
UE assistance information so that the UE knows the set of
expected SPS interval/timing offset to be activated and also
the associated V2X message. The downlink control infor-
mation may be transmitted on a PDCCH. The concept of this
alternative could be 1llustrated 1in FIG. 20.

In an exemplary embodiment, after a UE generates a first
V2X message associated with a first destination 1dentity, the
UE may transmit a first signal (e.g., sidelinkUEinformation)
to a network node, wherein the first signal contains the first
destination 1dentity associated with a first destination index.
The first destination 1dentity 1s a destination layer-2 identity
belonging to a PSID associated with the first V2X message.

The UE will also transmit a second signal (e.g., UE
assistance information) to the network node for requesting a
SPS resources for transmitting the first V2X message and
following first V2X messages which are generated subse-
quent to the first V2X message, wherein the second signal
contains a first SPS interval and the first destination index.

The second signal could be a MAC signalling (e.g., MAC
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CE). The second signal could be a RRC message. The
second signal could 1nclude a size of the first V2X message
(e.g., TB size, message size, PDCP PDU size, RLC PDU
s1Ze, etc.).

The UE may receive a fourth signal from the network
node, wherein the fourth signal may contain first informa-
tion indicating the SPS resources. Furthermore, the UE
transmits the first V2X message and the following first V2X
messages according to the SPS resources indicated by the
first information. The fourth signal may be a downlink
control information. The fourth signal may include the first
destination index.

Alternative 2—Bulfler status for different sequent DENM
messages could be reported in different LCGs. In this
alternative, limited number of LCG could restrict the maxi-
mum number of sequent DENM messages for transmissions
at a time. The rule of mapping between logical channel and
LCG could be UE implementation. For example, three of
total four LCGs could be used for SL SPS resource sched-
uling and the last one LCG could be used for dynamic
scheduling. The concept of this alternative could be 1llus-
trated in FIG. 21.

The above alternatives could be used to request new SPS
resources or to modily current SPS resources.

FIG. 22 1s a flow chart 2200 according to one exemplary
embodiment from the perspective of a UE. In step 2203, the
UE generates a first V2X message associated with a first
destination identity. In step 2210, the UE transmits a first
signal to a network node, wherein the first signal contains
the first destination identity associated with a first destina-
tion index. In step 2215, the UE transmitting a second signal
to the network node for requesting a SPS resources for
transmitting the first V2X message and subsequent V2X
messages generated after the first V2X message, wherein the
second signal contains a first SPS interval and the first
destination index. In one embodiment, the second signal
contains a size of the first V2X message.

In one embodiment, the UE could transmit a third signal
to the network node for reporting resource demand for
transmitting the first V2X message, wherein the third signal
contains the first destination index and a bufler size indi-
cating the resource demand. Furthermore, the UE could
receive a fourth signal from the network node, wherein the
fourth signal contains first information indicating the SPS
resources. In addition, the UE could transmit the first V2X
message and the subsequent V2X messages according to the
SPS resources indicated by the first information.

Referring back to FIGS. 3 and 4, in one exemplary
embodiment of a UE, the device 300 includes a program
code 312 stored in the memory 310. The CPU 308 could
execute program code 312 to enable the UE (1) to generate
a first V2X message associated with a first destination
identity, (1) to transmits a first signal to a network node,
wherein the first signal contains the first destination 1dentity
associated with a first destination index, and (111) to transmit
a second signal to the network node for requesting a SPS
resources for transmitting the first V2X message and sub-
sequent V2X messages generated after the first V2X mes-
sage, wherein the second signal contains a first SPS interval
and the first destination index. Furthermore, the CPU 308
can execute the program code 312 to perform all of the
above-described actions and steps or others described
herein.

FIG. 23 1s a flow chart 2300 according to one exemplary
embodiment from the perspective of a UE. In step 2305, the
UE generates a first V2X message associated with a ﬁrst
destination identity and a second V2X message associated




US 10,356,758 B2

25

with a second destination identity, wherein the first V2X
message and the second V2X message belong to a same
message type (e.g., CAM or DENM). In step 2310, the UE
transmits a first signal to a network node, wherein the first
signal contains the first destination 1dentity associated with
a first destination index and the second destination i1dentity
associated with a second destination index. In step 2315, the
UE transmits a second signal to the network node for each
V2X message to request SPS resources for transmitting each
V2X message and subsequent V2X messages generated
alter each V2X message, wherein the second signal contains
a SPS 1nterval and a destination index associated with each
V2X message.

In one embodiment, the transmission of the second signal
containing the first destination index and the transmission of
the second signal containing the second destination index
could occur on a same subirame or different subframes.
Furthermore, the second signal could contain a size of the
first V2X message and/or a size of the second V2X message.

In one embodiment, the UE could transmit a third signal
to the network node for reporting a first builer size of the first
V2X message and a second bufler size of the second V2X
message, wherein the third signal contains the first destina-
tion index, the first buffer size, the second destination index,
and the second bufler size. In addition, the UE could receive
a fourth signal from the network node, wherein the fourth
signal contains first information indicating a first SPS
resources and/or second information indicating a second
SPS resources. In one embodiment, the reception of the
fourth signal containing the first information and the recep-
tion of the fourth signal contaiming the second information
could occur on a same subirame or different subirames.

In one embodiment, the UE could transmait the first V2X
message and the following first V2X messages according to
the first SPS resources indicated by the first information, and
could transmit the second V2X message and subsequent
V2X messages generated after the second V2X messages
according to the second SPS resources indicated by the
second 1nformation.

In one embodiment, the SPS interval could be a duration
between two consecutive V2X messages. Furthermore, the
first V2X messages and the subsequent V2X messages
generated after the first V2X messages could be CAM
messages or DENM messages.

In one embodiment, the first destination 1dentity could be
a destination layer-2 1dentity belonging to a PSID associated
with the first V2X message. In addition, the second desti-
nation identity could a destination layer-2 identity belonging
to a PSID associated with the second V2X message.

Referring back to FIGS. 3 and 4, in one exemplary
embodiment of a UE, the device 300 includes a program
code 312 stored in the memory 310. The CPU 308 could
execute program code 312 to enable the UE (1) to generate
a first V2X message associated with a first destination
identity and a second V2X message associated with a second
destination 1dentity, wherein the first V2X message and the
second V2X message belong to a same message type (e.g.,
CAM or DENM), (11) to transmait a first signal to a network
node, wherein the first signal contains the first destination
identity associated with a first destination index and the
second destination 1dentity associated with a second desti-
nation index, and (111) to transmits a second signal to the
network node for each V2X message to request SPS
resources for transmitting each V2X message and subse-
quent V2X messages generated after each V2X message,
wherein the second signal contains a SPS interval and a
destination index associated with each V2X message. Fur-

10

15

20

25

30

35

40

45

50

55

60

65

26

thermore, the CPU 308 can execute the program code 312 to
perform all of the above-described actions and steps or
others described herein.

FIG. 24 15 a flow chart 2400 according to one exemplary
embodiment from the perspective of a UE. In step 2405, the
UE generates a first V2X message associated with a destl-
nation identity and a first LCG. In step 2410, the UE
transmits a first signal to a network node, wherein the first
signal contains the destination identity associated with a
destination index. In step 2413, the UE transmits a second
signal to the network node for requesting a first SPS
resources for transmitting the first V2X message and sub-
sequent V2X messages generated after the first V2X mes-
sage, wherein the second signal contains a first SPS 1nterval,
the destination index, and the first LCG. In one embodiment,
the second signal could contain a size of the first V2X
message.

In one embodiment, the UE could transmit a third signal
to the network node for reporting a bufler size of the first
V2X message, wherein the third signal contains the first
destination index, the first LCG, and the bufler size. In
addition, the UE could receive a fourth signal from the
network node, wherein the fourth signal contains first infor-
mation indicating the first SPS resources. Furthermore, the
UE could transmit the first V2X message and the subsequent
V2X messages generated after the first V2X message
according to the first SPS resources indicated by the first
information.

In one embodiment, the first V2ZX message and the
subsequent V2X messages generated after the first V2X
message could be CAM messages or DENM messages.
Furthermore, the destination 1dentity could be a destination
layer-2 identity belonging to a PSID associated with the first
V2X message. In addition, the network node could be an
eNB or a base station.

In one embodiment, the first signal could be a RRC
signaling (e.g., SidelinkUFEInformation). In addition, the
second signal could be a MAC signaling (e.g., UE Assis-
tance Information) or a RRC signaling (e.g., UE Assistance
Information). Furthermore, the third signal could be a MAC
signaling (e.g., Sidelink BSR). Also, the fourth signal could
be a downlink control signaling, and could contain the
destination index included in the second signal.

In one embodiment, the first and second information
could be downlink control information.

Referring back to FIGS. 3 and 4, in one exemplary
embodiment of a UE, the device 300 includes a program
code 312 stored in the memory 310. The CPU 308 could
execute program code 312 to enable the UE (1) to generate
a first V2X message associated with a destination identity
and a first LCG, (11) to transmit a first signal to a network
node, wherein the first signal contains the destination 1den-
tity associated with a destination index, and (111) to transmit
a second signal to the network node for requesting a first
SPS resources for transmitting the first V2X message and
subsequent V2X messages generated after the first V2X
message, wherein the second signal contains a first SPS
interval, the destination index, and the first LCG. Further-
more, the CPU 308 can execute the program code 312 to
perform all of the above-described actions and steps or
others described herein.

Various aspects ol the disclosure have been described
above. It should be apparent that the teachings herein may
be embodied in a wide variety of forms and that any specific
structure, function, or both being disclosed herein 1s merely
representative. Based on the teachings herein one skilled in
the art should appreciate that an aspect disclosed herein may
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be implemented independently of any other aspects and that
two or more of these aspects may be combined 1n various
ways. For example, an apparatus may be implemented or a
method may be practiced using any number of the aspects
set forth herein. In addition, such an apparatus may be
implemented or such a method may be practiced using other
structure, functionality, or structure and functionality 1n
addition to or other than one or more of the aspects set forth
herein. As an example of some of the above concepts, in
some aspects concurrent channels may be established based
on pulse repetition frequencies. In some aspects concurrent
channels may be established based on pulse position or
oflsets. In some aspects concurrent channels may be estab-
lished based on time hopping sequences. In some aspects
concurrent channels may be established based on pulse
repetition frequencies, pulse positions or oflsets, and time
hopping sequences.

Those of skill in the art would understand that information
and signals may be represented using any of a variety of
different technologies and techmiques. For example, data,
instructions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the above
description may be represented by voltages, currents, elec-
tromagnetic waves, magnetic fields or particles, optical
fields or particles, or any combination thereof.

Those of skill would turther appreciate that the various
illustrative logical blocks, modules, processors, means, cir-
cuits, and algorithm steps described in connection with the
aspects disclosed herein may be implemented as electronic
hardware (e.g., a digital implementation, an analog 1mple-
mentation, or a combination of the two, which may be
designed using source coding or some other technique),
vartous forms of program or design code incorporating
instructions (which may be referred to herein, for conve-
nience, as “soltware” or a “software module”), or combi-
nations of both. To clearly illustrate this interchangeability
of hardware and software, various 1illustrative components,
blocks, modules, circuits, and steps have been described
above generally 1n terms of their functionality. Whether such
functionality 1s implemented as hardware or software
depends upon the particular application and design con-
straints imposed on the overall system. Skilled artisans may
implement the described functionality 1n varying ways for
cach particular application, but such implementation deci-
sions should not be interpreted as causing a departure from
the scope of the present disclosure.

In addition, the various illustrative logical blocks, mod-
ules, and circuits described in connection with the aspects
disclosed herein may be implemented within or performed
by an integrated circuit (“IC”), an access terminal, or an
access point. The IC may comprise a general purpose
processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate
array (FPGA) or other programmable logic device, discrete
gate or transistor logic, discrete hardware components, elec-
trical components, optical components, mechanical compo-
nents, or any combination thereof designed to perform the
functions described herein, and may execute codes or
instructions that reside within the IC, outside of the IC, or
both. A general purpose processor may be a microprocessor,
but in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A
processor may also be implemented as a combination of
computing devices, €.g., a combination of a DSP and a
microprocessor, a plurality ol microprocessors, one or more
microprocessors in conjunction with a DSP core, or any
other such configuration.
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It 1s understood that any specific order or hierarchy of
steps 1n any disclosed process 1s an example of a sample
approach. Based upon design preferences, 1t 1s understood
that the specific order or hierarchy of steps in the processes
may be rearranged while remaining within the scope of the
present disclosure. The accompanying method claims pres-
ent elements of the various steps 1n a sample order, and are
not meant to be limited to the specific order or hierarchy
presented.

The steps of a method or algorithm described in connec-
tion with the aspects disclosed herein may be embodied
directly 1n hardware, 1n a software module executed by a
processor, or in a combination of the two. A software module
(e.g., including executable instructions and related data) and
other data may reside 1n a data memory such as RAM
memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, a hard disk, a removable disk,
a CD-ROM, or any other form of computer-readable storage
medium known 1n the art. A sample storage medium may be
coupled to a machine such as, for example, a computer/
processor (which may be referred to herein, for convenience,
as a “processor’) such the processor can read information
(e.g., code) from and write information to the storage
medium. A sample storage medium may be integral to the
processor. The processor and the storage medium may reside
in an ASIC. The ASIC may reside in user equipment. In the
alternative, the processor and the storage medium may
reside as discrete components 1 user equipment. Moreover,
in some aspects any suitable computer-program product may
comprise a computer-readable medium comprising codes
relating to one or more of the aspects of the disclosure. In
some aspects a computer program product may comprise
packaging materials.

While the invention has been described in connection
with various aspects, it will be understood that the invention
1s capable of further modifications. This application 1is
intended to cover any variations, uses or adaptation of the
invention following, in general, the principles of the inven-
tion, and 1ncluding such departures from the present disclo-
sure as come within the known and customary practice
within the art to which the invention pertains.

The mnvention claimed 1s:

1. A method of a UE (User Equipment) for requesting
semi-persistent scheduling (SPS) resources for V2X (Ve-
hicle-to-Everything) message transmissions in a wireless
communication system, comprising:

generating a first V2X message for transmission;

transmitting a {irst signal to a network node for requesting

SPS resources for transmitting the first V2X message
and subsequent V2X messages which are generated
subsequent to the first V2X message,

wherein the UE assigns an 1dentity used to associate the

SPS resources with the first V2X message and the
subsequent V2X messages, and the UE includes the
identity 1n the first signal, and
wherein the first signal contains traflic characteristics for
the first V2X message and the subsequent V2X mes-
sages, and the traflic characteristics comprise at least
one of periodicity, generation timing, or message size;

recerving a second signal from the network node, wherein
the second signal contains a first information indicating
the SPS resources and the i1dentity; and

transmitting the first V2X message and the subsequent

V2X messages according to the SPS resources indi-
cated by the first information.
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2. The method of claim 1, further comprising:

generating a second V2X message which causes a change

to current SPS resources.

3. The method of claim 1, further comprising:

transmitting a third signal to the network node for modi-

tying the current SPS resources, wherein the third
signal contains at least the 1dentity.

4. The method of claim 1, further comprising:

receiving a fourth signal from the network node, wherein

the fourth signal contains a second mformation indi-
cating updated SPS resources and the identity.

5. The method of claim 1, further comprising;:

transmitting the second V2X message and following

second V2X messages which are generated subsequent
to the second V2X message according to the updated
SPS resources indicated by the second information.

6. The method of claam 3, wherein the third signal
contains traflic characteristics for the second V2X message
and the following second V2X messages, and the traflic
characteristics comprise at least one of periodicity, genera-
tion timing, or message SiZe.

7. The method of claim 1, wherein the second signal 15 a
SPS (Semi-Persistent Scheduling) mnitialization signaling.

8. The method of claim 4, wherein the fourth signal 1s a
SPS (Semi-Peristent Scheduling) re-initialisation signaling.

9. The method of claim 1, wherein the 1dentity 1s set by
the UE and 1s an identity of the SPS (Semi-Persistent
Scheduling) resources, and the SPS resources comprise at
least one of SPS configuration ID or SPS grant ID.

10. A User Equuipment (UE), comprising:

a control circuit;

a processor nstalled 1n the control circuit; and

a memory installed 1n the control circuit and operatively

coupled to the processor;

wherein the processor 1s configured to execute a program

code stored 1n the memory to:

generate a first V2X message for transmission;

transmuit a {irst signal to a network node for requesting
SPS resources for transmitting the first V2X message
and subsequent V2X messages which are generated
subsequent to the first V2X message,

wherein the UE assigns an 1dentity used to associate the
SPS resources with the first V2X message and the
subsequent V2X messages, and the UE includes the
identity 1n the first signal, and

wherein the first signal contains traflic characteristics
for the first V2X message and the subsequent V2X
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messages, and the traflic characteristics comprise at
least one of periodicity, generation timing, or mes-
sage S1Ze;

receive a second signal from the network node, wherein
the second signal contains a first information 1ndi-
cating the SPS resources and the identity; and

transmit the first V2X message and the subsequent V2X
messages according to the SPS resources indicated
by the first information.

11. The UE of claim 10, wherein the processor 1s further
configured to execute a program code stored 1n the memory
to:

generate a second V2X message which causes a change to

current SPS resources.

12. The UE of claim 10, wherein the processor 1s further
configured to execute a program code stored 1n the memory
to:

transmit a third signal to the network node for moditying

the current SPS resources, wherein the third signal
contains at least the identity.

13. The UE of claim 10, wherein the processor 1s further
configured to execute a program code stored 1n the memory
to:

receive a fourth signal from the network node, wherein

the fourth signal contains a second mnformation indi-
cating updated SPS resources and the identity.

14. The UE of claim 10, wherein the processor 1s further
configured to execute a program code stored 1n the memory
to:

transmit the second V2X message and following second

V2X messages which are generated subsequent to the
second V2X message according to the updated SPS
resources ndicated by the second information.

15. The UE of claim 12, wherein the third signal contains
traflic characteristics for the second V2X message and the
following second V2X messages, and the traflic character-
1stics comprise at least one of periodicity, generation timing,
Or message size.

16. The UE of claim 10, wherein the second signal 1s a
SPS (Semi-Persistent Scheduling jinitialization signaling.

17. The UE of claim 13, wherein the fourth signal 1s a SPS
(Semi-Peristent Scheduling) re-initialisation signaling.

18. The UE of claim 10, wherein the identity 1s set by the
UE and 1s an identity of the SPS (Semi-Persistent Schedul-

ing) resources, and the SPS resources comprise at least one
of SPS configuration ID or SPS grant ID.
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